The tumor-initiating ability of Agrobacterium twnefaciens was enhanced two-to threefold after a preinoculation exposure to the phenothiazine derivative chlorpromazine hydrochloride. The mean number of tumors initiated per viable bacterium on pinto bean leaves was greatest after a 1-hr exposure to 15 ,ug of the drug per ml. Chlorpromazine had no significant effect on tumor initiation when applied to previously inoculated leaves. Chlorpromazine at 10 ,g/ml was bacteriostatic; concentrations of 20 ,ug/ml and higher were bactericidal. In contrast to mitomycin C, which also enhances A. twnefaciens infectivity, chlorpromazine failed to induce temperate phage in several lysogenic strains of A. twnefaciens. Replication of a virulent A. tumefaciens phage, however, was not inhibited by the presence of chlorpromazine.
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Agrobacterium tumefaciens induces the formation of autonomous crown-gall tumors when placed in wounds on many dicotyledonous plants. Although it has yet to be successfully demonstrated that anything less than an intact viable bacterium can induce crown-gall tumors, the bacterium itself is not required for maintenance of the tumor cells once they are transformed (11) .
The results of several recent studies suggest that at least one of the tumor-inducing principles elaborated by the bacterium may be a virus or nucleic acid (1, 10, 13, 16, 17, 20) . Support for this hypothesis comes from the fact that a preinoculation exposure of the bacterium to ultraviolet (UV) light or mitomycin C enhances its infectivity (7) (8) (9) .
The drug chlorpromazine hydrochloride is well known for its tranquilizing effects on man and has also been shown to have several interesting effects on bacteria and protozoa. These latter effects range from inhibition of ribonucleic acid (RNA) synthesis (19) to bacteriostasis (3, 12) , cessation of motility (18) , changes in permeability (15, 18) , spheroplast induction (3), and cell lysis (2) . In this paper, evidence is presented to show that chlorpromazine treatment, like UV light and mitomycin C, enhances the tumor-inducing ability of A. tumefaciens. In contrast to the latter two agents, however, chlorpromazine appears to enhance infectivity without a concomitant induction of temperate phage. Infectivity deternmnations. The tumor-initiating ability (TIIA) of control and drug-treated cultures was determined by inoculating 16 primary leaves of Phaeseolus vulgaris variety pinto following the procedures already described for quantitative studies with this host (14) . The term specific infectivity is used in those cases in which it is desirable to express tumor production in relation to the number of viable bacteria in the inoculum. Relative specific infectivity values were calculated by using the following formula: relative specific infectivity (RSI) = (number of viable bacteria per milliliter in the control sample/mean number of tumors induced per leaf)/(number of viable bacteria per milliliter in the treated sample/mean number of tumors induced per leaf).
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RESULTS
The effect of chlorpromazine hydrochloride on A. tumefaciens viability in liquid culture is shown in Fig. 1 . Culture samples exposed to drug concentrations between 1 and 20 ug/ml for periods as long as 3 hr exhibited little or no loss in colonyforming ability. Growth of the bacteria, however, was inhibited by each of the above drug concentrations (Fig. 4) . Chlorpromazine concentrations between 20 (6.3 X 101 M) and 80 ;&g/ml were typically bacteriacidal, causing an irreversible, exponential loss in viability. The slope of the survival curve was found to vary as a function of both exposure time and drug dose. The bend in the 3-hr survival curve at the higher concentration ranges (80 to 100 ,ug/ml) was reproducible. This deviation from the expected, exponential loss in viability suggests that certain cells within the culture are more resistant to the bacteriacidal action of the drug. When some of the more resistant bacteria were freed of the drug and used as inoculum, the resulting cultures exhibited the same pattern of drug sensitivity as that shown in Fig. 1 . This resistance to chlorpromazine thus appears to be due to a particular physiological state of some of the bacteria at the time of drug addition rather than to genetic differences within the population.
The effect of chlorpromazine on the TIA of A. tumefaciens is shown in Fig. 2 Ag/mil.
Chlorpromazine-treated samples (0) contained 3 X The enhancement of A. tumefaciens infectivity 108 viable cells per ml at the time of drug addition.
by chlorpromazine resembled in many ways the The controls (A) and (X) contained 3 X 108 and 5.1 X 108 viable cells/ml, respectively. No significant enhancement of TIA that occurred after a pre-change in viable cell count was observed during the inoculation exposure of the bacterium to UV light 3-hr incubation period, except in the sample treated for or mitomycin C (7) (8) (9) . Since the latter two agents 3 hr which dropped in titer to about 2.5 X 108/ml. quently exposed to LR-4 lytic phage. Although chlorpromazine inhibited the growth of the bacterium, it had essentially no effect on the rate of lysis from within. When phage titer was assayed after 5 hr, it was found to be greater than the initial titer and in all cases was proportional to the number of viable cells in the culture at the time of the phage additions. 
DISCUSSION
The data presented in this paper clearly demonstrate that the TIA of A. tumefaciens can be enhanced by preinoculation exposures to either sublethal or lethal doses of chlorpromazine. This phenomenon could be accounted for by an increase in the number of susceptible host cells on the plant, an increase in the number of infectious bacteria within a given culture, or both of the above. El Khalifa and Lippincott (4, 5) have shown that the number of cells susceptible to tumor induction in wounded pinto bean leaves can be altered by the addition of various salts and by plant growth factors. Since chlorpromazine was not removed from the inoculum, it is conceivable that its effect is on the potential tumor cells. The kinetics of TIA enhancement and the fact that chlorpromazine had no effect on TIA The kinetics of chlorpromazine enhancement of TIA and its similarities to the enhancement of TIA by mitomycin C and UV light would suggest that chlorpromazine may be active because of its ability to induce a carcinogenic phage. Electron microscopy of infected wound sites frequently reveals bacteria that appear to contain phage particles (13) . Faquet (6) found that cells of Staphylococcus sp. were susceptible to infection and lysis by a phage even in the presence of growth-inhibiting concentrations of chlorpromazine. This is also true for A. tumefaciens. Chlorpromazine, however, failed to promote the release of temperate phage from two lysogenic strains of A. tumefaciens under conditions which support phage induction by mitomycin C. It is conceivable that temperate phage vary in their susceptibility to induction by chlorpromazine and that the conditions used to demonstrate induction differ significantly from those at the wound site. These data nevertheless suggest that chlorpromazine enhances TIA by a process other than phage induction.
The precise relationship between the various effects reported in other bacter-ia after chlorpromazine treatment and the enchancement of TIA in A. tumefaciens have yet to be resolved. Of particular interest is the finding by Sutra (19) that chlorpromazine concentrations in the range of 15 to 20 ,ug/ml inhibit RNA synthesis but not deoxyribonucleic acid synthesis in Escherichia coli. Both UV light and mitomycin C inhibit nucleic acid synthesis. An examination of nucleic acid synthesis patterns in the presence and absence of chlorpromazine may thus provide insight into the mechanism of TIA enhancement by this drug and concomitantly help elucidate the mechanism of crown-gall tumor induction.
